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I ABSTRACT 

An apparatus was described for production of an intense and 
short  duration microwave pulse discharge i n  various gases. A t  
power leve ls  i n  the 50 kw range, the microwave energy w a s  coupled 
to the gas w i t h  a high Q tuned cavity. For higher power l eve l s  
up t o  1 mw peak, a g lass  tube containing the gas was placed inside 
a wave guide, i n  the cent ra l  region of maximum f ie ld .  Thereby 
intense discharges were produced in  metre long columns of gas, t o  
provide idea l  conditions f o r  k ine t i c  absorption spectroscopy. 
Some simple applications of the techni ue were described, including 
measurement of energy t ransfer  from Beq23s1 t o  atomic neon, 
exchange of vibrat ional  energy from n i t r i c  oxide t o  D2S, and the 
production of diatomic f r ee  rad ica ls  in  various gases. 

Flash photolysis i e  proving to  be of considerable value i n  the 
study of st ructure  and kinetics.  Our first object i n  developing 
the microwave technique, i n  which the photolytic flash is replaced 
by a powerful microwave pulse, was t o  explore a l te rna t ive  means of 
achieving eubstant ia l  e lectronic  exci ta t ion of gases. It w a s  
believed that the method would complement flash photolysis and would 
a l so  extend the d i r ec t  techniques of f l a s h  spectroscopy t o  more 
diverse systems, f o r  example gases w h i c h  only abeorb l ight i n  the 
extreme vacuum ul t rav io le t l .  
and perhaps ambitious objects,  we hope t o  follow dimer ormation 

absorption spectroscopy, to invest igate  CH formation In CH 
has now been achieved by vacuum u l t r av io l e t  f lash photo lysh  *), 
and to  detect  both posit ive and negative ions by absorption 
spectroscopy. 

d i r ec t  change of t rans la t iona l  energy of gases is unimportant 
(because of the mass r e s t r i c t ion )  compared t o  the energy appearing 
as electronic  and vibrat ional  excitation. Described here are 
r e s u l t s  obtained w i t h  a microwave-pulse generator of peak power 
-50 loa, and a l s o  the development of a more powerful apparatus with 
a capabi l i ty  t o  del iver  power t o  a gas a t  j u s t  under 1 m. Resulte 
from the second machine w i l l  be avai lable  by the ear ly  spring of 

Thus t o  mention a f e w  as yet  unattained 

i n  pure helium and the other i n e r t  gases, t o  study N2 A 4 xi by 
(which 

A microwave f i e l d  w i l l  couple only w i t h  f ree  e lectrons,  and 

1967. I 

$ m e r b e n t a l  an d Discussion 
The first apparatus was constructed t o  establish the feasabi l i ty  

? 
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Of ProCucing t r a n s i e n t s  a t  concent ra t ions  d e t e c t a b l e  by  absorpt ion 
spectroscopy. An Engl i sh  E l e c t r i c  M561 Idagnetron (3046 Ec/sec) 
was powered with a 1 JJ F capac i tor  charged t o  - 15 k V ,  and the 
pulse  dura t ion  could be var ied  i n  the range 2 - 50 JJsec with 
Engl ish E l e c t r i c  ~ ~ 2 5 0  thyra t rons .  Via .a  conventional 'door-knob' 
Coupler and waveguide s e c t i o n  (without  an i s o l a t o r ) ,  t h e  povier Was 
t ransmi t ted  t o  a c y l i n d r i c a l  c a v i t y  w i t h  a Q of 380. T h i s  i s  
i l l u s t r a t e d  by the photograph shown i n  f i g u r e  1 ,  and t h e  :main , 

d e t a i l s  have a l ready  been describ.ed. Although a I C  psec pulse  
corresponds t o  0,8 j o u l e s ,  only a minute f r a c t i o n  of t h i s  was, 
s u c c e s s f u l l y  de l ivered  t o  the gas. However, a number of encouraEinE 
observa t ions  were made, ana some energy transfer r a t e  coef f ' i c ien ts  
were measured, a s  descr ibed below. 

the  cons t ruc t ion  o f  a powerful microwave .generator ,  which . '  
incorpora tes  the Engl ish El .ec t r ic  M578 magnetron, wi th  a r a t e d  
peak-poi;ler of 900 kw. I n t o  a 'matched l o a d ' ,  we have produced 
s i n g l e  pulses  a t  500 kw, dura t ion  5 bsec. , .which i s  c lose  t o  the  
maxinum power a v a i l a b l e  per pulse.  The H.T. arrangement i s  s i m i l a r  
t o  tnil t  employed i n  the prototype equipment, w i t h  t w o  t h y r a t r o n s  
d e l i v e r i n g  a p o t e n t i a l  up t o  30 kV. This  p a r t i c u l a r  magnetron t u r n s  
ou t  t o  be r a t h e r  s u s c e p t i b l e  t o  a r c i n g  on s i n g l e  pulse  opera t ion ,  
and i n  t h i s  r e s p e c t  i s  e s p e c i a l l y  s e n s i t i v e  t o  r e f l e c t e d  power. 
This  has .  n e c e s s i t a t e d  the i n c l u s i o n  of an i s o l a t o r  between the  
magnetron and  the load;  t o  obta in  s a t i s f a c t o r y  func t ioning  up t o  
25 kV ( a s  evidenced by t h e  p r o f i l e  of t h e  c u r r e n t  p u l s e ) ,  i t  i s  
necessary t o  condi t ion  the  magnetron cathode by somewhat l a b o r i o u s l y  
puls ing  with the  appl ied  p o t e n t i a l  increased by small increments 
from 20 kV upwards. . . 

Yore r e c e n t l y ,  R.E.M.Hedges, J.G.Guttridge and I have completed 

It was a n t i c i p a t e d  t h a t  t h e  same c a v i t y  t h a t  had been employed 
i n  t h e  e a r l y  experiments would a l s o  be s u i t a b l e  f o r  the high energy 
equipment. With the a s s i s t a n c e  of h l r .  F.J.!Veaver of  t h e  Engl i sh  
E l e c t r i c  Valve Comgany, t h e  s i z e  of  t h e  h o l e  coupling the  c a v i t y  
t o  the waveguide was c a r e f u l l y  optimised t o  give a stsnding-wave 
r a t i o  of 1.2 and a Q of about 800. With such a tuned c a v i t y ,  a 
discharge can be produced i n  h e l i u m a t  1 atmos. pressure ;  hoijever, 
the  discharge was s t i l l  q u i t e  f e e b l e  and  i t  was obvious t h a t  only 
a minute f r a c t i o n  of t h e  t o t a l  energy was being coupled t o  t h e  gas. 
Although the tuning and matching was near  p e r f e c t  under low power 
t e s t  condi t ions ,  f o r  var ious  reasons  the c a v i t y  detunes a s  soon a s  
the gas  s t r i k e s .  

some va lue ,  i n t e r e s t  was d i r e c t e d  a t  the  problem of achieving iuen-e 
more e f f i c i e n t  coupling of the  microwave pulse  t o  the experimental  
gas. I n  f a c t  w e  have now achieved condi t ions  under which i t  appears 
t h a t  p r a c t i c a l l y  the  e n t i r e  pu lse  may be absorbed by t h e  gas. 
This  innovation i s  a very simple one; a t h i n  walled g l a s s  tube 
contqining the gas i s  placed i n s i d e  the  waveguide i n  t h e  reg ion  o f  

A41tnough a s tudy o f  the c a v i t y  discharge may prove t o  be o f  
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maximum f i e l a .  I n  th i s  manner, an i n t e n s e  discharge can be 
proaucea i n  metre long columns of g a s ,  t o  provide i d e a l  condi t ions 
f o r  absorpt ion spectroscopy. R.E.?d.Sedges i s  p r e s e n t l y  
assembling the o p t i c a l  components t o  c a r r y  ou t  spec t roscopic  Studies 
under these condi t ions.  The beauty of t h i s  discovery l i e s  i n  i t s  
inhe ren t  s i m p l i c i t y ;  power is  coupled t o  the gas a t  low Q and 
matching problems a r e  v i r t u a l l y  e l iminated.  

R e s u l t s  

tuned c a v i t y  d ischarge .  F igure  2 (a )  shows the  formation of 
He(23S ) i n  a s i n g l e  pulse  o f  IO Msec d u r a t i o n ,  and i t s  decay 
f o l l o w h g  the pulse.  A l s o  bserved i n  pulsed helinm were the 

t i v e  ap l i c a t i o n  shown i n  f i g b e  2(b),’is t h e  enhanced r a t e  of decay 

photometr3 of p l a t e s  similar t o  t h a t  i l l u s t r a t e d  i n  f i g u r e  2, the 
r a t e  of the energy t r a n s f e r  process  

I 

This s e c t i o n  r e l a t e s  only t o  the low power equipment, wi th  a 

conpara t ive ly  s h o r t  l i v e d  2 3 P and 2IS 

of He(2 3 S ) i n  the presence of a t r a c e  of neon, 

s t a t e s .  A simple quantita- ‘ 

By means of 

.f 

He(23S1) + Ne(2’So) -> He(llSo) + Ne(2s) 

2 2 was recorded as  0.35 + 0.02 2 , i n  agreement with 0.37 2 
by Javan, Bennett and-Herriott  3. 
the s i m p l e s t  of a l l  e l e c t r i c  d i scha rges  and, as mentioned above, w e  
hope t o  make more d e t a i l e d  obse rva t ions  of t he  formation of diatomic 
helium. 

reported 
The helium system is perhaps 

All four of the I s  m e t a a b l e s  were observed i n  pulsed neon lo 

z’igure 3 i l l u s t r a t e s  v i b r a t i o n a l  e x c i t a t i o n  of n i t r i c  oxide, 
and i t s  decay fo l lowing  the  p u l s e o  It w a s  concluded that e x c i t a t i o n  
occurs  by d i r e c t  c o l l i s i o n  of n i t r i c  oxide molecules wi th  e l ec t rons ,  
because of t he  ex  reme weakness of f luo rescence  from e l e c t r o n i c a l l y  

produced wi th  a microwave pu l se ,  i s  about 10 - I00 f o l d  higher  than 
the y i e l d  of e l e c t r o n i c a l l y  e x c i t e d  spec ie s  or f r e e  r a d i c a l s ,  i n  
a l l  t h e  systems which h a v e  t hus  f a r  been inves t iga t ed .  The technique 
may the re fo re  prove t o  be gene ra l ly  ap l i c a b l e  t o  the  s tudy of 
v i b r a t i o n a l  energy t r a n s f e r .  
NO r e l a x a t i o n ,  by a t r a c e  of D2S, which has  a v i b r a t i o n a l  frequency 
c l o s e  to t h a t  of NO, A number of r a t e  c o e f f i c i e n t s  f o r  V-V 
processes  of this type have r e c e n t l y  been published, 

F i n a l l y  w e  mention the  formation of chemical i n t e rmed ia t e s ,  
produced by microwave p u l s e s  i n  polyatomic gaseso Thus fa r ,  these 
a s p e c t s  of t h e  chemis t ry  of e l e c t r i c  d i scharges  have only been I 

i n v e s t i g a t e d  i n  CS (CN) H 0 and H S. I n  each case ,  diatomic 
f r e e  r a d i c a l  inter6;diateg’wege obseraed. 
included i n  f i g u r e  4. 

e x c i t e d  molecules .t The t o t a l  y i e l d  of v i b r a t i o n a l l y  exc i t ed  NO 

F igu re  3fb) shows the  c a t a l y s i s  of t he  

Some of t hese  a r e  
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0.9 

'3 ( A ' n c X ' Z ' )  OH ( A 2 Z f  + X 2 n )  

>'is+ F o r m a t i o n  ana decay of (a) cs : 2mm C S ~  + 60 mm He; 
(b) OH : 5 mm %O + 35 mm HE; ( C )  S H  : 20 mm H28 + 100 mm H e .  
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